A radioimmüüoassay using N- [3-(4-bydroxy-3-[4-hydroxy-3-[ 125 I]iodophenylpropionyl)]-5-methoxytryptamine äs tracer for determination of melatonin in the serum of different species is described. Melatonin antisera were raised in rabbits by immunizatioii with a bovine serum albumin conjugate of N-[3-(2-aminoethyl)-5-methoxy indöle] henüsurcinamide. A single high affinity, specific antiserum was obtained. In contrast to previous studies, the tracer was synthesised in one Step in the absence of water, giving an excellent yield of highly pure product. No chromato.gräphic purification Step was needed. Polyethylene glycol in combination with goat antirabbit imnaunoglobulins was used to separate bound and unbound tracer. Sera were delipidized with Lipoclean® prior the extraction of melatonin with diethyl ether. This sample preparation allows the determination of melatonin in the presence of widely varying amounts of lipids in human, rat and hamster serum. Using this extraetion procedure, the sensitivity of the radioiinmunoassay was approximately l ng/1 of serum. Dilütions of sera and of synthetic melatonin gave the same parallel response in the radioimmunoassay. High performance liquid chromatography analysis of a serum extract showed only one immunoreactive peak •eo-eluting with synthetic melatonin. Characteristic diürnal rhythms of melatonin were observed in all species. All assay compoiients including Standards and serum controls are stable for at least l year at 4 °C, thus facilitating the determination of melatonin in a routine laboratory.
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Introduction
Many of the physiological functions of the pineal gland are mediated by its hormone melatonin (1) . Comparative investigations into the endocrine function of the pineal in different species often focus on the quantitative estimation of melatonin, especially in plasma or serum. Radioimmunoassay is the most widely used technique to determine this hormone (2) . Although a multitude of excellent radioimmunoassay procedures have been described (3 -7) , the need for an easy to handle and generally applicable test System for serum/plasma of different species is evident This report describes an assay using an iodinated tracer of high purity and a specific sample preparation which allows the determination of melatonin even in the presence of large amounts of lipids. The excellent stability of all assay components, the short incubation times and the double antibody technique facilitate the determination of melatonin in a routine laboratory. 
Materials and Methods

Precipitating antiserum reagent
The precipitating antiserum (goat anti-rabbit immunoglob lins) was diluted 25-fold with phosphate-buffered saline and mixed l H-l with the same buffer containing 120 g/l polyethylene glycol 4000 prior to use. One ml of precipitating antiserum was used per assay tube.
Preparation of the immunogen, and immunisation
The immunogen used consisted of 5-methoxytryptamine hemisuccinamide bound to bovine serum albumin s described by Rollag & Niswender (8) . The molar ratio of hapten conjugated to protein was not directly assessed. Twenty rabbits were immunized by an initial dorsal injection of an emulsion of 0.5 ml (l mg) of immunogen and 0.5 ml of complete Freunds adjuvant. Booster injections were given in the same way at intervals of 4 weeks, except that incomplete Freunds adjuvant was used. Blood samples were tested l week after each booster injection. 
Human serum sample preparation
To avoid clotted fibrin, human blood samples were cpllected by use of Monovette® syringes (Sarstedt, N mbrecht, F. R. G. or similar products), and centrifuged at 1500g. The serum was separated and frozen at -20 °C before analysis.
Preparation of serum controls
Ofie litre of serum collected at 14.00 h was obtained from the hospital blood bank and the melatonin content determraed by radioimmunoassay to be 7 ng/1. Three hundred ml aliquots were enriched with either 12 or 24 ng of melatonin in l ml of 0.1 mol/1 hydrochloric acid and l ml portions containing eithef 47 or 87 pg of melatonin were lyophilized without heating. The lyophilized controls are stable for at le st l year when stored at 4 °C.
Extraction of melatonin
One ml of serum and 2 ml of Lipoclean® (Behring, Marburg, F. R. G.) were pipetted into a glass centrifuge tube, heated to 37 °C and mixed on a rotation mixer for at least l minute. Separation of the two phases was accelerated by 5 min ceiitfifugation at 1500g, and 500 ul of the upper clear serum phase were transferred into a glass extraction tube. Four ml of diethyl ether (Uvasol quah'ty, Merck, Darmstadt, F. R, G.) were added and the phases mixed for l min on a rotation mixer. The lower serum phase was frozen and the ether phase decanted into a glas vial. The ether was removed, 500 μΐ of buffer A were added and the extract stored at 0-4 °C uiitil use.
Preparation of melatonin-free human serum
One litre of serum, from the hospital blood bank, was gently shaken with 10 g/l charcoal (Norit A, Merck, Darmstadt) for 3 hours at room temperature. The eharcoal was removed by 30 min centrifugation at 10 000 g and the serum stored at ^20 °C.
Preparation of Standards
Buffer Standards
Melatonin was diluted in buffer A from'a l g/l stock solution in ethanol to the following concentrations: 10, 40,150, 500 and 2000 ng/1. One ml aliquots were lyophilized without heating. The lyophilized Standards were redissolved in 2 ml of double distilled water prior to use.
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Serum Standards
Lyophilized buffer Standards were redissolved in two ml of melatonin-free serum and lyophilized without heating. The lyophilized serum Standards were redissolved in 2 ml of double distilled water prior to use. Both sets of Standards are stable for at least l year.
Radioimmunoassay procedure
Sample (200 μΐ) and diluted antiserum (50 μΐ) (final dilution l: 12000) were pipetted to a polystyrene tube and incubated 2 hours at 37 °C or overnight at 4 °C. Tracer (50 μΐ) was added and the tubes incubated for l hour at 4 °C. One ml of precipitating antibody was added, the mixture incubated for 30 minutes at 4°C and centrifuged. The supernatant was aspirated and the pelleted radioactivity determined in a gamma-counter. Each series consisted of a Standard curve 5 -1000 ng/1 (l -200 pg/tube), tubes for the determination of unspecific binding, quality control samples and the samples to be assayed.
Cross-reactivity studies
The specificity of the antiserum was assessed by comparing the displacement of antibody-bound N- 
Physiological studies
Human
Blood was sampled (September) at the indicated intervals by an indwelling cannula from six normal healthy female subjects, aged 18 -34years.
Rat
Male Sprague-Dawley rats were killed at the indicated times by decapitation, trunk blood was collected and serum was stored at -70 °C until assayed. tained after the sixth booster immunization. All antisera were characterized for antibody specificity, detection limits, binding affinity for both [ 
Male golden hamster
Sera were a gift of Dr. Pevet, University of Strasbourg, France. (6) . In contrast to their acylation procedure we developed a l belling scheine in the absence of water, which rendered a further Chromatographie purification unnecessary (fig-1) . The overall yield was 95% s compared to 38% reported by these authors. The st bility of the concentrated tracer was at least one half-life period.
Results
Tracer synthesis 5-Methoxytryptaimne was Jabelled according to Tiefenauer & Andres
Antibody preparation
Six of 20 rabbits immunized produced titratable antisera following the third booster immunization. The highest titres (final dilutions of l: 60000) were ob-
Characterization of the antiserum
Interference of indolic analogues with the antiserum is shown in table 1. The greatest interference was shown by 6-hydroxymelatonin, which is also the principal metabolite (9) . However, isocratic high performance liquid chromatography of 5 ml of extracted human pool serum, according to a previously described procedure (10), showed no immunoreactivity other than endogeneous or authentic melatonin ( fig. 2) . Human night serum (5 ml) was extracted with diethyl ether äs described in Material and Methods. In contrast to the radioimmunoassay procedure, the extract was redissolved in water/methanol (9 -f l, by vol.) and submitted to isocratic reversed phase high performance liquid chromatography on a PEP RPC column. Fractions pf l ml were collected, lyophilized and the melatonin content determined by radioimmunoassay. The arrow (l) indicates the retention time of authentic melatonin.
Similar results were found for rat and hamster serum extracts (data not shown). All other analogues showed negligible interference at the concentrations normally present in blood.
The affmity constants of the antiserum for Sensitivity of the antiserum against coextracted human lipophilic serum components is exemplified for an extreme case in figure 3 . This lipophilic component led to unusually high melatonin values. Although this effect appeared more or less in all sera of different species, its magnitude was not predictable but was greatest when blood fats were raised by food hitake. Intra-assay and inter-assay variances for pooled human night serum were 11 and 12%, respectively. Pooled rat serum (night) had variances of 10 and 13%, pooled hamster serum (day) had variances of 12 and 15%. Recoveries of tritiated melatonin from human, rat and hamster serum pools were 85 ± 5%.
Physiological studies
Human
Circadian rhythms of serum melatonin in 6 healthy female volunteers are shown in figure 4 . Mean serum levels of melatonin in the whole group varied from 30 ±3 (±SEM), ränge 11-44 ng/1 at 16.00h to 135 ± 40 (± SEM) at 24.00 h, ränge 44-170 ng/1. 
Rat
Animals killed during the dark phase (24.00 h) had higher melatonin levels than serum of rats collected at 12.00h. Parallelisni between serial dilutions of night serum and the Standard curve was established. Recovery of added melatonin was 97 + 5% (corrected for extraction losses).
Discussion
A rädioimmunoassay for serum melatonin was developed, bäsed pii the wofk of Rollag & Niswender (8) . In this paper we describe the optimization of sample preparation by use of delipidization of serum samples with Lipoclean® prior to the assay, the long term stabilization of assay components (Standards, controls, tracer) and a simplified tracer synthesis with superior yields.
The tracer was found to be of high purity and no further purification was necessary. Moreover, all Steps of synthesis can be performed using disposable Standard equipment. In the presence of the antioxidant, ascorbic acid, the concentrated tracer was stable for at least one half-life period.
Six of twenty rabbits produced antibodies, thus demonstrating suitability of the antigen, but only one antiserum exhibited a sufficient sensitivity for development of the present assay. Due to the homology of antigen and tracer, the affinity for the antibody of Nacyl analogues of 5-methoxytryptamine, such äs N-[3-(4-hydroxy-3-[ 125 I]iodophenylpropionyl)]-5-methoxytryptamine, is several-fold higher than that of melatonin. Therefore a preincubation of antiserum with Standards and extracted samples prior to addition of the tracer was necessary to enhance assay sensitivity.
For routine purposes ether extraction has many advantages over the widely used Chloroform extraction (5) . However, coextracted lipids may strongly distort the assay results, most probably by non-specific inhibition of the antibody-antigen reaction. As this effect is not predictable, the introduction of a delipidization step was mandatory. Surprisingly, in the presence of serum proteins, melatonin is retained in the aqueous phase, whereas lipids (äs well äs other lipophilic components) are extracted into the organic phase. The validity of the radioimmunoassay was confirmed by parallel displacement between Standards and extracted samples enriched with identical amounts of melatonin, äs well äs the identification of endogeiious melatonin by high performance liquid Chromatographie fractionation of a serum pool extract.
